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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1 . It is Cutting-Tool Insertion for Steel Lathe Turning Which Consists of the Cemented Carbide Body and a 
Coat. Said Cemented Carbide WC, 5 - 1 1 wt% Co, and 2 - 10wt% Ti, Ta and/or cubic carbide of Nb, From the 
high W alloying binder phase which has CW-ratio of 0.76-0.92 Said coat - Thickness of 0. 1 -2 micrometers, 
The 1st (innermost side) layer of TiCxNyOz which has the homaxial grain of <0.5micrometer magnitude, - It 
is the layer of TiCxNyOz with a thickness of 3-15 micrometers with the pillar-shaped grain of a <5micrometer 
diameter. - Cutting-tool insertion for steel lathe turning characterized by what the outside layer of the kappa- 
aluminum 203-layer of a grain (0.5-2 micrometers) smooth [ the thickness of 1-9 micrometers ] and detailed is 
included for. 

2. Cutting-tool insertion according to claim 1 said whose kappa-aluminum 203-layer is characterized by 
having thickness of 1-3 micrometers. 

3. Cutting-tool insertion according to claim 1 said whose kappa-aluminum 203-layer is characterized by 
having thickness of 4-8 micrometers. 

4. Cutting-tool insertion according to either of claims of precedence to which said cemented carbide body is 
characterized by having surface region with a thickness of 15-35 micrometers where cubic carbide was 
removed. 

5. Cutting-tool insertion according to either of claims of precedence to which cemented carbide is 
characterized by having presentation of 6.5 - 8.0wt% Co, and CW-ratio of 0.80-0.90. 

6. Cutting-tool insertion according to either of claims of precedence characterized by being TiN layer of 
thickness whose maximum outside layer is 0.1-1 micrometer. 

7. Cutting-tool insertion according to either of claims of precedence characterized by removing TiN layer of 
maximum outside along with cutting cutting edge. 

8. It is the Manufacture Approach of Insertion for Lathe Turning Which Consists of the Cemented Carbide 
Body and a Coat. The WC-Co-radical cemented carbide body which has a high W alloying binder phase by 
CW-ratio of 0.76-0.92 - Known CVD - Law is used. Thickness of 0.1-2 micrometers, The 1st (innermost side) 
layer of TiCxNyOz which has the homaxial grain of <0.5micrometer magnitude, - In order to form a layer in a 
850-900-degree C desirable temperature region, an acetonitrile is used as a source of carbon and nitrogen, the 
pillar-shaped grain of the <5micrometer diameter vapor-deposited by MTCVD technique ~ layer of 
TiCxNyOz with a thickness of 3-1 5 micrometers - The manufacture approach of the insertion for lathe turning 
characterized by coming out and carrying out a coat 203 layer of smooth kappa-aluminum which has the 
thickness of 1-9 micrometers. 

9. Manufacture approach of following claim of precedence characterized by said cemented carbide having 
surface region where binder layer is thick. 

10. Use of an insertion of claim 1-7 for hot forging and lathe turning of low alloy steel which carried out cold 
forging. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Insertion for lathe turning by which the coat was carried out Especially this invention is effective 
to difficult cutting conditions like lathe turning of lathe turning of the low alloy-ized steel 
components which carried out hot forging and cold forging like the gearing ring used in the auto 
industry, and an axle about the coat cutting tool (cemented carbide insertion) and a rod, tubing, 
and stainless steel components like a flange. 

Stainless steel and low alloy-ized steel are ingredients difficult for generally cutting with a coat 
or a non-coat cemented carbide tool. SUMIRINGU (smearing) of ****** of the processing 
components to a cutting cutting-edge top and exfoliation of a coat arise well. Cutting conditions 
become difficult especially in case the forged low alloy-ized steel is machined on humid 
conditions (use of a cooling agent). Generally the epidermis (0.05-0.2mm) which carried out hot 
forging is decarbonized, therefore is elasticity from the bulk material which is mainly a ferrite. 
Cold working of the epidermis (less than 0.05mm) which carried out cold forging is carried out, 
and it becomes harder under the effect of deformation hardening. Furthermore, such the ferrite / 
a pearlite bulk organization of an ingredient are "a ferrite muscle (ferrite-striated)" well. 
It considers as ****. That is, a ferrite and a pearlite form parallel stripes. The mixture of an 
ingredient hard [ this ] and elastic makes it very difficult cutting conditions. 
Furthermore, when machining stainless steel and low alloy-ized steel by coat cemented carbide, 
a cutting cutting edge is worn out by what is called chemistry wear, polish wear, and adhesion 
wear. Adhesion wear turns into wear which often limits a tool life. Generating of adhesion wear 
is produced by tearing off the part of cemented carbide from a cutting cutting edge continuously 
by the element or each particle following ** of a layer, in case the chip (chips) of processing 
components is formed. Furthermore, wear is promoted by the additional wear device when 
humid lathe turning is adopted. That is, the ingredient of a cooling agent and processing 
components may permeate the cooling crack of a coat, this ** - the osmosis operation [ like ] 
has often resulted in the chemical reaction to the ingredient of processing components, and the 
cemented carbide of a cooling agent. Co binder layer is the contiguity region of this crack, and 
oxidizes in accordance with the interface of a coat and cemented carbide, and it gets. After a 
while, a coat wafer disappears little by little. 

The Sweden patent application No. 0 [ 9501286 to ] indicates a coat cutting insertion, and is 
especially effective in dry type milling of rat cast iron. This insertion is characterized by the 
direct-like WC-Co cemented carbide body, and a coat contains the layer of TiCXNYOZ which 
has a pillar-shaped grain, and the top layer of detailed grain alpha-aluminum 203. 
The Sweden patent application No. 7 [ 9502640 to ] indicates a coat cutting insertion, and is 
especially effective in intermittence lathe turning of low alloy-ized steel. This insertion is 
characterized by the WC-Co cemented carbide body which has a high W alloying Co-binder 



layer, and a coat contains the layer of TiCXNYOZ of a pillar-shaped grain, and the top layer of 
alpha-aluminum 202 of detailed grain texture. 

By permuting alpha-aluminum 203 of the texture of the above-mentioned patent application 
document by kappa-aluminum 203, the surprising thing that a cutting tool equipped with the 
property which was excellent in order to machine the forging components of stainless steel and 
low alloy-ized steel could be obtained became clear. 

Drawing 1 is the optical microscope photograph of the scale factor of 5000X of the coat insertion 
according to this invention. 

A-cemented carbide body TiCXNYOZ-layer of a B-homaxial grain TiCXNYOZ-layer of a C- 
pillar-shaped grain D - Kappa-aluminum 203-layer of a pillar-shaped grain [ like ] E-TiN-layer 
(arbitration) 

the lathe-turning tool insertion according to this invention - the cemented carbide body - having 
- cemented carbide - 5-1 1 - desirable ~ 5-8 most ~ desirable - 6.5 - 8wt% Co - desirable ~ 
2-10 of the metal of IVb of the periodic table of Ti, Ta, and/or Nb, Vb, or a VIb group - 
desirable - 4-7.5 - it has a presentation with 5 - 7wt% cubic carbide and Remainder WC most 
preferably. The particle diameter of WC is about 2 micrometers. A cobalt binder phase high- 
alloy-izes W. W component of a binder phase is expressed as follows. 
CW-ratio =Ms/(wt%Co, 0.0161) 

Ms is the measurement saturation magnetization of the cemented carbide body in kA/m, and 
wt%Co is Co % of the weight in cemented carbide. CW-ratio is the function of W component in 
Co binder phase. A low CW-ratio is equivalent to high W components in a binder phase, 
according to this invention - the cemented carbide body - 0.76-0.92 - when it had CW-ratio of 
0.80-0.90 preferably, it became clear that amelioration of cutting-ability ability might be 
******(ed). The cemented carbide body does not have disadvantageous effect and can contain 
little eta-phase (M6C) of <1 volume %. a surface region with a thickness of about 15-35 
micrometers which removed cubic carbide in the desirable example — cooking — ****— the 
binder (generally it was made rich 25% or more) phase containing many cubic carbide can be 
made to exist in U.S. Pat. No. 4,610,931 like the advanced technology of a publication In this 
case, cemented carbide can contain even carbon nitride or a nitride. Preferably, it is a coat. - It 
has the homaxial grain of <0.5micrometer magnitude. It has the thickness of 0.1-2 micrometers, 
and is x+y+z=l. Preferably And the 1st (innermost side) layer of TiCxNyOz of z< 0.5, - 
<5micrometer - desirable — < — it has the average diameter of 2 micrometers, and has 
preferably 3-15 micrometers of thickness of 5-8 micrometers with a pillar-shaped grain, and it is 
x+y+z=l and comes to contain the layer of TiCxNyOz of z= 0, x> 0.3, and y> 0.3 preferably 
Setting in the another example, the outside layer of this layer is oxygen of z< 0.5. - It can be 
substantially smooth at kappa-phase and the layer of aluminum 203 of a detailed grain (particle 
diameter of 0.5-2 micrometers) can be contained. 

However, this layer can contain little theta-phase or alpha-phase of 1 - 3 volume % determined 
by XRD measurement. An aluminum203 -layer has preferably 1-9 micrometers of thickness of 
4-8 micrometers instead of [ of those ] 1-3 micrometers, and the surface roughness over die 
length of 10 micrometers is Rmax<=0.4micrometer. Although it is desirable and this 
aluminum203-layer is the maximum outside layer, a still thinner (about 0.1-1 micrometer) for 
example, layer like the layer for sheathing of TiN continues. 

It is the WC-Co radical cemented carbide body according to this invention which is the above- 
mentioned CW-ratio, and is equipped with a desirable surface region with abundant binder 
layers, and has a high W alloy binder layer. - A known approach is used, and it has the homaxial 



grain of <0.5micrometer magnitude, and is 0. 

the thickness of 1-2 micrometers -- having - x+y+z=l - it is - desirable -- the 1st (innermost 
side) layer [ ] of TiCxNyOz of z< 0.5 - desirable - MTCVD-technique - (in order to form a 
layer in a 700-900-degree C temperature requirement) It has preferably 5 micrometers of 
<2micrometer average diameters, as carbon and a nitrogen source — an acetonitrile ~ using it — 
using it - < - and a pillar-shaped grain - 3-15 micrometers - desirable - the thickness of 5-8 
micrometers - having - x+y+z=l - it is - desirable - z= 0 - or -- instead, z - the layer of 
TiCxNyOz of 0.3 - a coat is come out and carried out. However, it depends for exact conditions 
on the structure of the equipment used to some extent. 

- The smooth outside layer of an aluminum203-layer which consists of kappa-aluminum 203 
substantially is vapor-deposited on the conditions indicated by EP-A -523. An aluminum203- 
layer has preferably 1-9 micrometers of thickness of 4-8 micrometers instead of [ of those ] 1-3 
micrometers, and the surface roughness over die length of 10 micrometers is 
Rmax<=0.4micrometer. A smooth coat front face can be obtained carrying out humid injection 
of the coat front face quietly with detailed grain (400-150 meshes) alumina powder (wet- 
blasting), or by carrying out the brush cliff of the cutting edge, for example with a brush based 
on SiC which is indicated by the Sweden patent application 9402543-4ths. 
Example 1 A. A 7.5wt% Co and 1.8wt% TiC, A 0.5wt(s)% TiN, a 3.0wt% TaC, and 0.4wt% 
NbC, The cemented carbide lathe-turning tool insertion of form 120408 which has the 
presentation of Remainder WC and has the binder phase high-alloy-ized by W equivalent to CW- 
ratio of 0.88 It is covered with a 0.5-micrometer homaxial TiCN-layer (it has a high nitrogen 
component equivalent to the rough C/N-ratio of 0.05). Then, the coat was carried out in the 
TiCN-layer with a thickness of 7 micrometers which has a pillar-shaped grain by using MTCVD- 
technique (CH3 as the temperature of 885-850 degrees C, and carbon/nitrogen source CN). It 
was vapor-deposited at the temperature of 970 degrees C using H2S dopant of 0.4% 
concentration so that the layer of aluminum 203 with a thickness of 1 .5 micrometers might be 
indicated by EP-A -523021 at the process of after that in the case of the same coat cycle. The 
thin (0.5 micrometers) layer for sheathing of TiN was vapor-deposited by the crowning 
according to a known CVD-technique. XRD-measurement showed that an aluminum203 -layer 
consisted of 100% of kappa-phase. Cube carbide is removed and the cemented carbide body has 
a surface region with a thickness [ about 30% of] of about 25 micrometers made rich in a binder 
phase. The brush cliff of the insertion by which the coat was carried out was carried out with the 
brush of the nylon straw containing a SiC grain. Only by the TiN-layer with a thin inspection of 
the insertion by the optical microscope which carried out the brush cliff having met the cutting 
cutting edge, the brush cliff of it was carried out, and leaving smoothness and a 
Ra=0.3micrometer aluminum203 -layer was shown. The coating thickness measurement about a 
brush cliff sample by which the cross section was carried out did not show reduction of the coat 
along cutting-edge Rhine except for the removed outside TiN-layer. 
B.) The cemented carbide grade which competes strongly in other external main carbide 
manufacturers' form CNMG 120408 was chosen for the comparison of a lathe-turning trial. 
Carbide has the presentation of Remainder WC by a 9.8wt% Co, a 0.2wt% TiC, 2.0wt% TaC, 
and CW-ratio of 0.86. An insertion has a 5-micrometer TiCN-layer and the coat which consists 
of the aluminum203-layer of 1. 5-micrometer thickness, and a 0.5-micrometer TiN-layer 
succeedingly. It was shown that optical microscope inspection does not have a smooth insertion 
along cutting-edge Rhine after a coat process. 

The lathe-turning trial of a ring-like gearing (the diameter of 206mm, Ingredient TSCM) by 



which hot forging was carried out compared the insertion of A with the insertion of B. Each 
lathe-turning cycle carried out about each part article was facing, slotting, and beveling. Delivery 
was 0.35 mm/rev and rotational speed was about 230 m/min. 

First, cutting of the 1 50 components was carried out about both insertions A and B, and the 
generated face wear was measured and compared. About Insertion A, since wear was merely 
slight, it was able to cut 354 pieces for components in total further. A table shows the generated 
face wear below. 



although small exfoliation was observed by Insertion B by the microscopic inspection of the 
examined insertion - Insertion A - 354 - the exfoliation which can view after this components 
cutting was not produced. 

The insertion A of have [ excel and / a long tool life ] according to this invention is clear from 
the generated flank wear. 

example 2 D. — CNMG1 20408 which is a powerful contention article by other main external 
carbide manufacturers was chosen about the cemented carbide of the grade for the comparison of 
a lathe-turning trial. The chemical composition of the cemented carbide was a 7.6wt% Co, a 
2.4wt% TiC, a 0.5wt% TiN, a 2.4wt% TaC, 0.3wt% NbC, and Remainder WC. Cemented 
carbide was equipped with the surface region where about 20-micrometer cubic carbide was 
removed. Although the presentation of cemented carbide is similar with this invention, it has 
higher CW-ratio of 0.93 and has a 5 micrometers TiCN-layer then a 3.5 micrometers TiC-layer, a 
1.5 micrometers aluminum203-layer, and a 0.5-micrometer TiN-layer. Optical microscope 
observation showed that this insertion was not smooth along cutting-edge Rhine after the coat 
process. 

It was compared with delivery =0.25 - 0.35 mm/rev by the field lathe-turning trial of a ring-like 
gearing (the outer diameter of 180mm, the bore of 98mm, ingredient SCr420H) by which hot 
forging was carried out to Insertions A and B being also at cutting speed =220 m/min. The 
insertion was used to the flank wear value 0.08 decided beforehand, and the number of the 
manufactured components was evaluation criteria. 



Example 3 C. Like Insertion A, the coat of the superhard lathe-turning tool insertion of Form 
WNMG which has a similar presentation and CW-ratio of 0.88 was carried out according to A. 
XRD measurement showed that an aluminum203 -layer changed in 100%kappa layer. Brushing 
of this insertion was carried out according to A. 

E.) It is the form WNMG080408 of same cemented carbide manufacturer like D, and the 
insertion which has the same CW-ratio like D, a carbide presentation, and a coat was chosen for 
the comparison of a lathe-turning trial. After the coat process, along cutting-edge Rhine, optical 
microscope inspection was smooth and showed that there was nothing. 
The field lathe-turning trial of the axle (die length of 487mm, the diameter of 27-65mm, 
ingredient 50CV4) forged as it is about Insertions C and E also at delivery =0.28 - 0.30 mm/rev 
and cutting speed =160 m/min compared. Three axles were used to each cutting cutting edge, 
and wear of a cutting cutting edge was inspected with the optical microscope. 
Insertion C Less than 0.07mm flank wear, (This invention) With no exfoliation Insertion E Less 
than 0.07mm flank wear, (external grade) The exfoliation which a cutting edge meets, and small 
chip (chipping) example 4 F. Also in A, the cemented carbide lathe -turning tool insertion of form 
CNMG120408-PM from the same batch According to the Sweden patent application No. 7 [ 
9502640 to ], the coat of a TiCN layer with a thickness of 7 micrometers, and homaxial [ of 1 
micrometer / TiCN ] and alphaaluminum 203 of the 012-texture of 4-micrometer thickness was 
continuously carried out with the pillar-shaped grain with homaxial [ of 0.5 / TiCN ]. In order to 
smooth a coat front face, humid injection accomplished the insertion using water / 
aluminum203-slurry. 

G.) The coat of the cemented carbide lathe-turning tool insertion of form CNMG120408-PM 
which has the presentation of 6.5wt% Co and 8.8wt(s)% cubic carbide (a 3.3wt% TiC, a 3.4wt% 
TaC, and 2.1wt(s)% NbC) and Remainder WC was carried out by the manufacture approach 
shown by A. The cemented carbide body is CW-ratio =1.0 and had the surface region with a 
thickness of about 23 micrometers which the cubic phase was removed and was made rich in the 
binder layer. XRD measurement - an aluminum203-layer - kappa phase - kana ****-- things 
were shown. 

The insertion of A, F, G, and B was compared by hot forging of ingredient SCr420H, and the 
lathe-turning trial of a ring-like gearing by which cold forging was carried out. 
The ring was carrying out the outer diameter of 190mm, and the bore of 98mm. Each lathe- 
turning cycle carried out about each part article was three facing and slotting. Delivery = by 0.25 
- 0.40 mm/rev, and cutting speed about 200 m/min, 170 components were cut and wear of a 
cutting cutting edge was inspected. 

Insertion A The visual exfoliation nothing of a coat (this invention) Less than 0.07mm flank 



wear Insertion F Some balking of the coat which meets a cutting cutting edge (CW-ratio less 
than 0.08mm flank wear =0.88) 

Insertion G Substantial exfoliation of the coat which meets a cutting cutting edge (CW-ratio and 
flank wear 0.10mm or less =0.88) 

Insertion B some balking of the coat which meets a cutting cutting edge (exterior) Less than 

0. 08mm flank wear Although the engine performance which was generally excellent is shown 
when the insertion F manufactured according to the Sweden patent application No. 7 [ 9502640 
to ] machines low alloy-ized steel It cannot never compare with the insertion A manufactured 
according to this invention when machining hot forging and the low alloy-ized steel components 
by which cold forging was carried out. 

Example 5 H. The processing time in an aluminum203 coat process carried out the coat of the 
insertion of the same batch as A of an example 1 according to the approach shown in the 
example 1 except for the point which made thickness of 203 layers of aluminum 5. 5 -micrometer 
thickness by extending in 7.5 hours. The film (0.5 micrometers) for sheathing which consists of 
TiN is vapor-deposited by the crowning using the advanced technology. 

1. The coat of homaxial [ of 7 micrometers / TiCN ] is carried out to an insertion from the same 
batch as H, 203 layers of aluminum with a thickness of 5 micrometers and the technique of the 
conventional technique are used following it, and it is 0. 

The coat of the 5-micrometer TiN top coat was carried out. According to the result of XRD 
analysis, it turned out that about 30/of ratios of 203 layers of aluminum consists of the mixture 
of alpha-aluminum 203 of 70, and kappa-aluminum 203. After carrying out a coat, while 
brushing of the insertion which consists of H and A was performed and removal of a TiN layer 
was performed, smooth-ization of a cutting cutting edge was performed. 
The insertion of H, A, and H was examined by intermittence length lathe-turning actuation. 
Work was low alloy low-carbon steel (SCr420H), and, for the configuration, the thickness was [ 
190mm and the bore of 22mm and an outer diameter ] 30mm in the shape of a ring. Each 
constituted each lengthwise direction delivery actuation in all the ring thickness directions by 22 
slitting actuation which is 1mm. About each insertion, record of the count of delivery actuation 
of total ring thickness until this exfoliation arises was performed. 

An insertion Count of actuation to cutting-edge exfoliation A. this invention 240 1. 5-micrometer 
aluminum 203 H. this invention 180 5. 5 -micrometer aluminum 203 I. advanced technology 40 
5-micrometer aluminum 203 The insertion with H and A was compared also for the cutting trial 
of bearing steel (SKF25B, v=250 m/min, f=0.3 mm/r, the slitting depth = 2mm). The crater was 
remarkable in this trial. The insertion was used for 15 minutes and the formed crater was 
measured by mm2 as a crater area. 

Insertion Crater area, mm2 A. this invention 0.9 1. 5-micrometer aluminum 203 H. this invention 
0.5 5. 5-micrometer aluminum 203 The above-mentioned test result to the insertion I is clear in 
exfoliation resistance being inferior as compared with Insertions H and A. Insertion A showed 
the result that both sides excelled about crater abrasion resistance and exfoliation resistance. 
Insertion A shows the most excellent exfoliation resistance, and can use it for the cutting 
actuation which needs very high exfoliation resistance. 

Example 6 H. The cemented carbide lathe-turning tool insertion of form TNMG 160408 has a 
presentation with a 7.5wt(s)% Co, a 1 .8wt% TiC, a 3.0wt% TaC, 0.4wt% NbC, and the 
remainder WC that has CW-ratio of 0.88. Cemented carbide had the surface region with a 
thickness of about 25 micrometers where cubic carbide was removed. An insertion carries out 
the coat of the 0.5 -micrometer homaxial TiCN-innermost layer of the high nitrogen component 



equivalent to the rate of an estimated C/N ratio of 0.05, and the pillar-shaped TiCN layer of 7.2- 
micrometer thickness continuously vapor-deposited using MT-CVD technique. In the process of 
after that in the case of the same coat processing, the layer of 1.2-micrometer aluminum 203 
consists of a pure kappa-phase according to the approach indicated by EP-A -523021. A 0.5- 
micrometer thin TiN layer is vapor-deposited by the crowning of 203 layers of aluminum in the 
case of the same cycle. Brushing of the insertion by which the coat was carried out is carried out 
with the nylon straw brush which contains SiC after a coat, and the outside TiN layer of a cutting 
edge is removed. 

I. The cemented carbide lathe -turning tool insertion which competes from other main external 
cemented carbide contractors was chosen for the comparison of a lathe-turning trial. Carbide has 
a presentation with a 9.0wt% Co, a 0.2wt% TiC, a 1.7wt% TaC, 0.2wt% NbC, and the remainder 
WC that has CW-ratio of 0.90. An insertion has the coat which consists of 1 .0 micrometers TiC, 
0.8-micrometer TiN, and 1.0 micrometers TiC and 0.8-micrometer outermost TiN. It was shown 
that inspection of an optical microscope does not have the cutting-edge processing after a coat. 
Insertions H and I were inspected by lengthwise direction dry type lathe turning of the shaft of 2 
phase stainless steel. 

Delivery was [ 140 mm/min and the slitting depth of 0.3 mm/rev and a rate ] 2mm. The sum total 
cutting time per components was for 12 minutes. 

Plastic deformation was seen and, on the other hand, as for the insertion 1, slight notch wear was 
seen, as for Insertion H. 

Although one component can be completed with one cutting edge of the insertion H according to 
this invention, in order to complete one component using Insertion I, on the other hand, four 
cutting edges are needed. 



[Translation done.] 
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